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Abstract. We show that because of the milder GIM suppression, the four-quark
dipenguin operator contributes to the short distance piece of the D0 − D¯0 mixing
amplitude at the same order of magnitude as the box diagram. In addition, we put an
upper bound ∆mLDR
D
≤ 5 ×∆mbox
D
on a long-distance resonant contribution induced
by the penguin mixing.
The phenomenon of meson mixing has been studied for a long time. Observed
in the K0 − K¯0 and B0 − B¯0 systems, it provides an extremely sensitive test of
the Standard Model (SM). Extremely large value of the top quark mass makes the
short distance box diagram (e.g. Fig.1a) dominate B0 − B¯0 and K0 − K¯0 mixing
amplitudes. This fact effectively turns GIM cancellation mechanism (vanishing of
the total ∆Q = 2 contribution in the limit of equal internal quark masses) into the
”GIM-enhancement” of the short-distance contribution to ∆mP for P = {K,B}.
Long-distance contributions associated with the propagation of the hadronic de-
grees of freedom and higher-order QCD effects are relatively unimportant for the
mixing of B and K mesons.
The situation is drastically different in the case of the D0 − D¯0 system: the
only available heavy b-quark contribution to the box diagram providing ∆C = 2
transition is greatly reduced by a tiny Vub CKM matrix element and can be safely
neglected in the analysis of the box diagram contribution to ∆mD (the inclusion
of the b-quark further decreases the box diagram contribution [1]). This forces the
vanishing of the effect in the SU(3) limit and implies that only the light quark
mass difference guarantees that mixing does take place. Calculating a box diagram
and constructing the effective Hamiltonian, we realize that the smallness of the
short distance piece is guaranteed by a factor of (m2s − m2d)2/m2c [2] (we define
L = (1 + γ5)/2)
Heff = G
2
F
2pi2
ξsξd
(m2s −m2d)2
m2c
[
u¯γµLcu¯γµLc+ 2 u¯Rcu¯Rc
]
(1)
with ξi = V
∗
icViu. We denote the operators, entering Eq. (1) as O1 and O2 respec-
tively. This leads to the following expression for the ∆mboxD [1,2]
∆mboxD =
4G2F
3pi2
ξsξd
(m2s −m2d)2
m2c
f 2DmD(BD − 2B′D) ≈ 0.5 · 10−17 GeV (2)
with fpi ≃ 132 MeV, fD ≃ 165 MeV, ms = 0.2 GeV , and BD = B′D = 1 in the
usual vacuum saturation approximation to
〈D0|O1|D¯0〉 = 2
3
f 2Dm
2
D
2mD
BD, 〈D0|O2|D¯0〉 = −5
3
m2D
4m2c
f 2Dm
2
D
2mD
B′D. (3)
The smallness of the result of Eq.(2) triggered a set of estimates of the long-distance
effects and New Physics contributions that can dominate the ∆mD.
The box diagram, however, does not exhaust the set of short-distance SM con-
tributions. Higher order QCD corrections might significantly modify the lead-
ing order prediction provided that they are not proportional to the small factor
(m2s − m2d)2/m2c . For instance, a set of diagrams (topologically distinct from the
box diagram) generated by the so-called “dipenguin” operators (Fig.1b.) contribute
to the D-meson mass difference at the same order of magnitude as the usual box
diagram [3]. To see this, let us write an effective operator relevant to dipenguin
∆C = 2 transition. It can be obtained from the usual ∆C = 1 penguin vertex.
Neglecting a tiny dipole contribution,
Γ = −GF√
2
gs
4pi2
F1u¯γµLt
ac(gµν∂2 − ∂µ∂ν)Aaν . (4)
Here ta = λa/2, and F1 is a modified Inami-Lim (IL) function. Using unitarity of
the CKM matrix it reads F1 =
∑
i ξiF
i
1 = ξs(F
s
1 −F d1 ) + ξb(F b1 −F d1 ). It is common
to discard the b-quark contribution to F1 as being suppressed by small Vub factors.
Note, however, that it enhances F1 by approximately 20−30%. From (4) we obtain
the effective Hamiltonian
Hdp = −G
2
F
8pi2
αs
pi
F 21
[
(u¯γµLt
ac)∂µ∂ν(u¯γνLt
ac)− (u¯γµLtac)✷(u¯γµLtac)
]
(5)
In what follows, we denote two operators entering (5) as O˜1 and O˜2. Using the
equations of motion we obtain for the first operator in (5)
O˜1 = u¯γµLt
ac ∂µ∂ν u¯γνLt
ac ≃ m2c u¯Rtac u¯Rtac (6)
Employing vacuum saturation method to estimate matrix elements and assuming
that each derivative acting on the quark field involves an average momentum of the
quark we obtain
〈D0|O˜1|D¯0〉 = 1
9
f 2Dm
4
D
2mD
B, 〈D0|O˜2|D¯0〉 = −2
9
f 2Dm
2
D(2m
2
c −m2D)
2mD
B′ (7)
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FIGURE 1. Examples of the box diagram (a), dipenguin diagram (b) and a possible
long-distance one-particle intermediate state contribution (c).
with B and B′ being the bag parameters. This yields (setting B = B′ = 1)
∆mdpD = 2〈D0|Hdp|D¯0〉 =
G2F
72pi2
αs
pi
F 21 (m
2
b , m
2
s, m
2
d)f
2
DmD(m
2
D − 4m2c). (8)
Inspecting (8) we notice that contrary to ∆mboxD , the dipenguin diagram does not
have a power dependence upon the internal quark masses. The leading behavior
of the IL function is logarithmic in ms(d), and the estimate of the operator brings
about power dependence upon the external quark masses, i.e.mc. This feature
distinguishes this contribution from that of the usual box diagram. Recalling the
fact that the dominant contribution to K and B mixing amplitudes is proportional
to the square of the top quark mass, it is not surprising that this effect is small in the
K and B sectors. It is the fact of the reduced internal heavy quark dependence of
the amplitude of D0−D¯0 mixing which makes the dipenguin operator contribution
effectively enhanced. Taking into account the momentum flow Q2 ≃ −m2c through
the gluon propagator (which is defined by the external quark momenta(masses)) one
can calculate F i1(m
2
i , Q
2) = −4 ∫ 10 dx x(1−x) ln
[
(m2i−Q2x(1−x))/M2W
]
Comparing
(2) and (8) we find [3]
r =
∣∣∣∣∣
∆mdpD
∆mboxD
∣∣∣∣∣ ≈
αs
8pi
[F1(m
2
b , m
2
s, m
2
d)]
2
m4D
|ξsξd|(m2s −m2d)2
(9)
where we have put mc ≈ mD, and αs ≃ 0.4. The relative size of the box and
dipenguin contribution shows that the latter is of the same order of magnitude as
the box diagram – our estimate gives r ∼ 20 − 80% depending on the choice of
quark masses (ms = 0.1÷ 0.3 GeV ).
The dipenguin diagram gives rise to a whole family of the long-distance contri-
butions (e.g. Fig. 1c) that might be potentially important for D0 − D¯0 mixing. In
particular, it is plausible to assume that a gluon produced by a penguin (or any
other operator) can form an intermediate bound state with two up-quarks, thus
producing a hybrid resonance [6]. These one-particle intermediate state contribu-
tions to ∆mD might be of considerable importance because of the closure of mass
of hybrid resonance to the mass of D-meson. It is possible to show that a resonant
long-distance contribution to ∆mD is given by (DL
S
= 2−1/2 [D0 ± D¯0])
∆mD = Re
1
2mD
∑
n
|〈DL|Hw|n〉|2 − |〈DS|Hw|n〉|2
m2D −m2n − Γ2/4 + iΓnmD
, (10)
where we have neglected CP violation. The existence of the piH or pi(1800) 0
−+
meson was reported by several experimental groups [4] and predicted by the theo-
retical calculations in various quark models [5] suggesting a hybrid nature of this
particle. One can estimate a contribution of n = piH to Eq.(10) provided that the
mixing amplitude g = 〈DL|Hw|piH〉 is known. This amplitude can be estimated
in various quark models, or phenomenologically, by using the available data on D
decay rates. The idea is to seek for the common decay channels of D and piH where
piH contribution is manifest and then estimate the mixing amplitude using the sim-
ple model for the D− piH mixing followed by piH decay. It was noted in theoretical
calculations [5] and hinted experimentally that the decay rates piH → pif0(980) and
piH → pif0(1300) are large for the hybrid piH . Thus one can put an upper bound on
the mixing amplitude g by introducing a model for the resonant decay of D-meson
via piH :
M(D → pif0(980)) = g (m2D −m2piH + iΓpiHmD)−1 A(piH → pif0(980)). (11)
Computing the mixing amplitude g using experimental data on the decay rate
Γ(D → pif0(980)) and inserting it into Eq. (10), we estimate ∆mpiHD ≤ 0.2 ×
10−16 GeV , which is five times larger than the short distance result.
In conclusion, we have shown that the short-distance dipenguin diagram con-
tributes at the same order of magnitude as the box diagram to D0 − D¯0 mixing
amplitude. Long-distance dipenguin-like pieces presumably give larger contribu-
tions, but require further studies [2,6].
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